The reaction of [Ru 3 (CO) 10 (µ-dppm)] (1) with 4-ethynyl-2,2'-bipyridine (2) or 5-ethynyl-2,2'-bipyridine (3) affords the Ru 3 C 2 clusters [Ru 3 (µ-H)(µ 3 -C 2 bpy)(CO) 7 (dppm)] (bpy = 4-bpy, 4 (22%); bpy = 5-bpy, 5(55%)). Complexes 4 and 5 have been fully characterised by NMR spectroscopy, with 2D-COSY methods being used to aid 1 H NMR assignments, and single crystal X-ray diffraction. The pendant bipyridyl moiety presents as a site for further reaction using the 'Tinkertoy' approach, and subsequent reactions of 4 and 5 with PdCl 2 (NCPh) 2 affords the bimetallic complexes [Ru 3 (µ-H){µ 3 -C 2 bpy(κ 2 -N",N-PdCl 2 )}(CO) 7 (dppm)] bpy = 4-bpy, 6 (55%); bpy = 5-bpy, 7(35%)). † Dedicated to memory of Professor Lord Sir Jack Lewis, FRS, a true organometallic pioneer.
Introduction
The development of transition metal cluster chemistry owes much to the curiosity driven endeavours and synthetic prowess of the early pioneers of organometallic chemistry [1] [2] [3] [4] . The reactions of the group 8 trimetallic dodecacarbonyl clusters (M 3 (CO) 12 , M = Fe (1-Fe), Ru (1-Ru), Os (1-Os)), which are readily obtained in high yields from simple reactions and offer opportunity to explore trends down the group, have proved to be particularly useful scaffolds upon which to explore metal framework rearrangements, growth and fragmentation processes, ligand exchange and coupling reactions, cluster dynamics and so on [5] .
Given the state of knowledge of the cluster reactions with an immense array of different functional groups that has been accumulated over the last 5 or so decades, it is interesting to consider cluster-ligand combinations as construction units within the 'Tinkertoy' approach to the design of novel molecular structures [6, 7] . This approach requires the careful selection of orthogonal reactions to sequentially introduce metal centres and ligands to a growing molecular, cluster-based scaffold (which might be described here in terms of the "clusters as ligands" concept [8] ).
The Tinkertoy approach to molecular design and synthesis requires the linking of metal-complex 'nodes' by various bi-functional ligands. Selective synthetic design requires the use of both mono-functionalised fragments to cap or block the growing molecular structure, and bi-(or higher multi) functional fragments to serve as connectors that link the growing structure with incoming building blocks. We have recently become interested in the organometallic chemistry of ethynyl-substituted ! 4! with bpy gave mono-[Fe(CO) 3 17 ] proved rather more prone to cluster fragmentation in the presence of bpy [27] . Interestingly, the methyl C-H bonds in 6,6´-dimethyl-2,2´-bipyridine are readily activated on reaction with [Ru 3 (CO) 12 ]!or [Os 3 (CO) 10 (NCMe) 2 ]! to give products containing methylene (CH 2 ), methyne (CH) and carbyne (C) clusters [28] [29] [30] .
In the spirit of the early pioneers in the field, we were therefore prompted to consider the reactions of the prototypical clusters [Ru 3 (CO) 12 ] and [Ru 3 (CO) 10 (dppm)] with 4-and 5-ethynyl-2,2'-bipyridine, both to explore the competitive reactivity of the acetylene and bipyridine in the same ligand towards the metal framework, and also as a potential route to the assembly of larger structures via Tinkertoy concepts. as the major product [31] , these survey reactions gave a plethora of products, none of ! 5! which could be satisfactorily isolated or characterised. Similar difficulties were encountered in thermal reactions between 1-Ru and 2 or 3 in THF. Although activation of 1-Ru towards reactions with alkynes under mild conditions through reaction with trimethylamine-N-oxide (TMNO) is well known [32] [33] [34] , unfortunately here reactions conducted in the presence of trimethylamine N-oxide (TMNO) also failed to yield tractable products. In seeking other methods of mild activation of the cluster core towards 2 and 3 we turned to a fluoride ion catalyst [35, 36] , but with similarly singular lack of success.
Results and Discussion

Synthesis
In contrast to the often capricious reactions of terminal alkynes with 1-Ru, the dppm- The presence of the 4-and 5-substituted bipyridyl moieties in clusters 4 and 5 provides opportunity to tether the cluster core to other metal centres. Here, this
property was examined briefly through reaction with PdCl 2 (NCPh) 2 . Coordination of the PdCl 2 fragment to the clusters 4 and 5 occurred readily, and was complete (as adjudged by TLC and IR spectroscopy) within 5 minutes at room temperature in THF solution, and the orange coloured, heterometallic products 6 and 7 isolated and purified by precipitation and crystallisation (Scheme 1).
The 1 H and 31 P{ 1 H} NMR and IR (ν(CO)) spectra of compounds 6 and 7 were, as might be expected, similar to those of the precursor clusters 4 and 5, although the lower solubility of the heterometallic species precluded closer examination and recording of the 13 C NMR spectra. The most diagnostic spectroscopic changes associated with coordination of the {PdCl 2 } fragment were the small shift of the ν(CO) bands in the infrared spectra to higher energies, the shift to lower field of the signals arising from H 6 and H 6' in the 1 H-NMR spectrum and the colour change from yellow to orange associated with Pd!bpy MLCT transitions in 6 and 7. Whilst the low solubility of the heterometallic complexes 6 and 7 complicated solution analysed well for a MeOH / CH 2 Cl 2 solvate (these solvents being used in the recrystallization of the bulk sample), all efforts to obtain a satisfactory analysis of 7 failed, likely due to complications with partial desolvation.
Molecular structures
Crystals of each of 4 (from CH 2 Cl 2 / MeOH), 5 (CH 2 Cl 2 / MeOH), 6 (as a MeOH / CHCl 3 solvate from those solvents) and 7 (as a bis-CH 2 Cl 2 solvate from CH 2 Cl 2 / hexanes) were confirmed by single crystal X-ray diffraction. Plots of each molecule are given in Figures 1 -4 , and a summary of important bond lengths and angles is given in Table 1 . Inspection of the structures reveals few significant differences in the cluster geometries within the family of compounds 4, 5, 6 and 7. The metal core adopts a close to equilateral triangular geometry in 4, although the hydride-bridged Ru(1)-Ru(3) bond is somewhat shorter in the case of 5, 6 and 7. The hydride was identified in the difference maps, and refined in all cases, although other hydrogen atoms were placed in calculated positions and refined in a riding model. The 2,2'-bipyridyl fragment is distinctly non-planar in 4, and also in 5 albeit to a lesser degree (Table 1) .
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Coordination of the PdCl 2 fragment gives rise to the anticipated planarization of the 2,2'-bipyridyl moiety. However, in the case of the 4-substituted 2,2'-bipyridiyl heterometallic complex 6, the trend in Ru(2)-C(1), C(1)-C(2), C(2)-C(44) and Pd-N(41) bond lengths in comparison with those in the 5-ethynyl isomer 7 suggests a degree of donor-acceptor character between the cluster and Pd fragments through the linearly conjugated 4-substituted 2,2'-bipyridyl fragment. This is supported by the small shift in cluster ν(CO) frequencies to higher wavenumbers through the series 5≈4<7<6. It is also of note that in the case of 6 the steric requirements of the 4-ethynyl bipyridyl moiety causes the PdCl 2 fragment to reside "exo" of the Ru 3 triangle while in 7 the PdCl 2 unit points towards the Ru 3 . The phenomena no doubt consequent of packing preference in the solid state. 
Experimental
General conditions
The compounds Ru 3 (CO) 10 (dppm) [39] , 4-ethynyl-2,2'-bipyridine [40] [41] [42] [43] 
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Crystallography
The crystal data for 4, 5, 6 and 7 are summarized in Table 2 In the case of 6, a sample was recrystallised from CH 2 Cl 2 /MeOH but the crystals were of poor quality. The structure reported here was the result of recrystallisation from In the case of 7, the solvent modelled as two CH 2 Cl 2 molecules both of which are disordered over two sites with occupancies constrained to 0.5 after trial refinement.
The hydrido atom was refined with Ru-H distances restrained to ideal values. All remaining hydrogen atoms were added at calculated positions and refined by use of a riding model with isotropic displacement parameters based on those of the parent atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters.
Structural data have been deposited in the CCDC (1415608-1415611). These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif 
